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(54) Route guidance system based on visual activity of the driver

(57) A route guidance system is disclosed that ena-
bles a vehicle driver to confidently decide the branch
road to be taken without hesitation even at a complicat-
ed intersection or the like. The present invention pro-
vides a vehicle route guidance system 1 for guiding a
vehicle along a route to a destination. The vehicle route
guidance system 1 includes destination setting means
14, 24 for setting a destination, visual activity discrimi-
nating means 38, 40 for discriminating whether a driv-
er's visual activity is right in light of route guidance to the
set destination, and affirmation/vision guidance means
for affirming the driver's visual activity when it is right
and giving route guidance by visually guiding the driver
when it is wrong. A route guidance method and a route
guidance program are also disclosed.
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Description

Technical Field of the Invention

[0001] This invention relates to a route guidance sys-
tem, a route guidance method and a route guidance pro-
gram, particularly to a route guidance system, a route
guidance method and a route guidance program for
guiding a vehicle along a route to a destination.

Background Art

[0002] In recent years, vehicle route guidance sys-
tems (navigation systems) have come into wide use
that, when input with a destination, determine the opti-
mum route from the current location to the destination
and offer route guidance by directing the driver along
the determined optimum route.
[0003] Moreover, advances in telecommunications
technology have made it possible for a remote informa-
tion center to send a map and map-related information
over the Internet (see, for example, Japanese Patent
Unexamined Publication No. 11(1999)-1001653). This
has made it possible for in-vehicle route guidance sys-
tems to provide route guidance using the most up-to-
date map and map-related information.
[0004] Meanwhile, technologies have been proposed
for using a camera (eye tracking camera) installed in
front of the vehicle driver's seat to detect the direction
of the driver's line of sight and using the detected line of
sight to operate air conditioner switches, for instance
(Japanese Patent Unexamined Publication No. 6
(1994)-261863), for regulating headlight beam direction
or meter display brightness in response to driver visual
activity (Japanese Unexamined Patent Publication No.
9(1997)-768815), and for using driver sight line direction
to estimate driver concentration on driving operations.
[0005] Using the conventional route guidance sys-
tem, a driver a making a right or left turn at a T-junction
or a right-angle crossroads can easily decide the course
to take from the map and course directions (route guid-
ance) displayed on the display.
[0006] However, at a complicated intersection, like a
five-way intersection, or where there are several inter-
sections within a short distance or the road has a com-
plex shape, the conventional course directions (route
guidance) may confuse the driver about which branch
road to take at an intersection and make the driver un-
able to decide the right one.
[0007] In view of this situation, a need is felt for a route
guidance system (navigation system) that enables the
driver to confidently decide the branch road to be taken
without hesitation even at a complicated intersection or
the like.
[0008] In order to develop a route guidance system
satisfying this need, the inventors sought to apply the
aforesaid technology for detecting driver visual activity
(visual direction and visually recognized object) to a

route guidance system.

Summary of the Invention

[0009] An object of the present invention is to provide
a route guidance system, a route guidance method and
a route guidance program that enable a driver to confi-
dently take the right branch road without hesitation even
at a complicated intersection or the like.
[0010] Another object of the present invention is to
provide a route guidance system, a route guidance
method and a route guidance program that enable a
driver to confidently take the right branch road without
hesitation even at a complicated intersection or the like
in an unfamiliar place.
[0011] In order to achieve the aforesaid objects, the
present invention in a first aspect provides a route guid-
ance system for guiding a vehicle along a route to a des-
tination, the system comprising destination setting
means for setting a destination, visual activity discrimi-
nating means for discriminating whether a driver's visual
activity is right in light of route guidance to the set des-
tination, and affirmation/vision guidance means for af-
firming the driver's visual activity when the driver's visual
activity is right and giving route guidance by visually
guiding the driver when the driver's visual activity is
wrong.
[0012] In a second aspect, the present invention pro-
vides a route guidance method for guiding a vehicle to
a destination, the method comprising a destination set-
ting step for setting a destination, a visual activity dis-
criminating step for discriminating whether a driver's vis-
ual activity is right in light of route guidance to the set
destination, and an affirming/vision guiding step for af-
firming the driver's visual activity when the driver's visual
activity is right and giving route guidance by visually
guiding the driver when the driver's visual activity is
wrong.
[0013] In a third aspect, the present invention pro-
vides a route guidance program for guiding a vehicle
along a route to a destination, the program controlling a
computer to set a destination, discriminate whether a
driver's visual activity is right in light of route guidance
to the set destination, affirm the driver's visual activity
when the driver's visual activity is right and give route
guidance by visually guiding the driver when the driver's
visual activity is wrong.
[0014] In accordance with the first, second and third
aspects of the present invention, discrimination is made
as to whether the driver's visual activity is right in light
of route guidance to the set destination and affirms the
driver's visual activity when the driver's visual activity is
right. As this assurance relieves the driver's apprehen-
sion, the driver can drive through a complicated inter-
section or the like without hesitation. When the driver's
visual activity is wrong, the driver is given route guid-
ance by vision guidance so that the route guidance can
be effectively carried out.
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[0015] In the foregoing first, second and third aspects
of the present invention, the affirmation/vision guidance
means (step) preferably affirms the driver's visual activ-
ity when the driver visually recognizes the branch road
designated by the route guidance and, when the driver
does not recognize the branch road designated by the
route guidance, guides the driver's vision to the branch
road using the object visually recognized by the driver
at that time as a reference.
[0016] In accordance with the present invention, the
driver's visual activity is affirmed when the driver visually
recognizes the branch road designated by the route
guidance, so that the driver can confidently take the
branch road without hesitation. When the driver does
not visually recognize the branch road designated by the
route guidance, vision guidance is given with reference
to the branch road or an object visually recognized by
the driver, so that effective vision guidance can be given
promptly without wasted visual activity by the driver.
[0017] In the foregoing first, second and third aspects
of the present invention, when the distance from the ve-
hicle location to the branch road designated by the route
guidance is equal to or greater than a predetermined
value representing a long distance, the affirmation/vi-
sion guidance means (step) preferably affirms the driv-
er's visual activity if the direction of the driver's vision
substantially coincides with the direction of the branch
road, and when it does not coincide, guides the driver's
vision to the direction of the branch road.
[0018] In accordance with the present invention, sim-
ple and effective vision guidance is possible because
when the distance from the vehicle location to the
branch road designated by the route guidance is long,
the affirmation and vision guidance are conducted using
the direction of the branch road as a reference.
[0019] In the foregoing first, second and third aspects
of the present invention, when the distance from the ve-
hicle location to the branch road designated by the route
guidance is equal to or greater than a predetermined
value representing a long distance, the affirmation/vi-
sion guidance means (step) preferably affirms the driv-
er's visual activity if the direction of the driver's vision
substantially coincides with the direction of the branch
road, and when it does not coincide, informs the driver
of the distance to the branch road and guides the driver's
vision to the direction of the branch road.
[0020] In accordance with the present invention, sim-
ple and effective vision guidance is possible and, in ad-
dition, reliable guidance is possible because the driver
is informed of both the direction of and distance to the
branch road and, therefore, can instantaneously visual-
ize the branch road and its direction.
[0021] In the foregoing first, second and third aspects
of the present invention, the affirmation/vision guidance
means (step) preferably conducts affirmation and vision
guidance by voice guidance.
[0022] In accordance with the present invention, since
affirmation and vision guidance are conducted by voice

guidance, the driver can drive while keeping his or her
eyes on the road and its vicinity without need to view the
screen of the route guidance system. The route guid-
ance can therefore be conducted safely and reliably.
[0023] In the foregoing first, second and third aspects
of the present invention, the affirmation/vision guidance
means (step) preferably changes the particulars of the
vision guidance for the driver during driving in accord-
ance with a vision guidance level for the driving condi-
tions.
[0024] In accordance with the present invention, since
the driving conditions and the particulars of the vision
guidance are associated, the vision guidance can be
matched to the driving conditions to enable safe driving
during route guidance.
[0025] In the foregoing first, second and third aspects
of the present invention, the affirmation/vision guidance
means (step) preferably changes the vision guidance
reference object serving as the reference for the vision
guidance of the driver in accordance with the vision
guidance level.
[0026] In accordance with the present invention, since
the vision guidance reference object is changed in ac-
cordance with the driving conditions, vision guidance in
accordance with the driving conditions becomes possi-
ble to enable safe driving during route guidance.
[0027] In the foregoing first, second and third aspects
of the present invention, the affirmation/vision guidance
means (step) preferably first gives vision guidance re-
garding the direction of the branch road designated by
the route guidance, and then visually guides the driver
to the branch road and affirms the driver's visual activity
if the driver visually recognizes the branch road.
[0028] In accordance with the present invention, the
driver is first given vision guidance regarding the direc-
tion of the branch road designated by the route guidance
and is then visually guided to the branch road, i.e., is
given vision guidance that changes in particulars as the
driver approaches the branch road designated by the
route guidance. The vision guidance can therefore be
conducted reliably and accurately.
[0029] In the foregoing first, second and third aspects
of the present invention, the affirmation/vision guidance
means (step) preferably first gives vision guidance re-
garding the direction of the branch road designated by
the route guidance, and then guides the driver's vision
to the branch road and affirms the driver's visual activity
if the driver visually recognizes the branch road.
[0030] In the foregoing first, second and third aspects
of the present invention, the affirmation/vision guidance
means (step) preferably discriminates whether the driv-
er can visually recognize the branch road designated by
the route guidance from the driver's current location and
if the driver cannot, guides the driver's vision to the di-
rection of the branch road.
[0031] In the foregoing first, second and third aspects
of the present invention, the affirmation/vision guidance
means (step) preferably discriminates whether the driv-
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er can visually recognize the branch road designated by
the route guidance from the driver's current location and
if the driver cannot, informs the driver of the distance to
the branch road and guides the driver's vision to the di-
rection of the branch road.
[0032] In the foregoing first, second and third aspects
of the present invention, the affirmation/vision guidance
means (step) preferably discriminates whether the driv-
er can visually recognize the branch road designated by
the route guidance from the driver's current location and
if the driver cannot, guides the driver's line of sight to
the direction of the branch road to notify the driver of the
branch road in advance and guides the driver's vision
to the branch road at a location where the branch road
can be visually recognized.
[0033] In accordance with the present invention, even
if the driver cannot visually recognize the branch road
designated by the route guidance from the current loca-
tion, the driver can be made aware of the direction of
the branch road so as to relieve the driver's anxiety and
enable right vision guidance for the situation at hand.
[0034] In the foregoing first, second and third aspects
of the present invention, the affirmation/vision guidance
means (step) preferably advances the time point of the
vision guidance when forward visibility is relatively poor
such as during night and rainy condition driving.
[0035] In accordance with the present invention, since
the time point of the vision guidance is advanced when
forward visibility is relatively poor, the vision guidance
can be conducted more safely and reliably.
[0036] The foregoing first, second and third aspects
of the present invention preferably further comprises vi-
sion guidance disable means (step) for disabling vision
guidance when the driver's vision is directed outside a
predetermined range.
[0037] In the foregoing first, second and third aspects
of the present invention, the affirmation/vision guidance
means (step) preferably visually guides the driver using
a vision guidance reference object located forward of
the vehicle as a reference when the driver's visual ac-
tivity is wrong.
[0038] In accordance with the present invention, since
the driver is visually guided using a vision guidance ref-
erence object located forward of the vehicle as a refer-
ence when the driver's visual activity is wrong, the driver
can be reliably visually guided.
[0039] In the foregoing first, second and third aspects
of the present invention, preferably the vision guidance
reference object is a structure, and the affirmation/vision
guidance means (step) causes the driver to visually rec-
ognize the structure located forward of the vehicle, vis-
ually guides the driver to the branch road designated by
the route guidance using the structure as a reference
and further affirms the driver's visual activity when the
driver visually recognizes the branch road.
[0040] In accordance with the present invention, since
a large and conspicuous structure that that the driver
can easily visually recognize is used as the vision guid-

ance reference object, the driver can be visually guided
to the branch road designated by the route guidance
easily and reliably.
[0041] In the foregoing first, second and third aspects
of the present invention, preferably the vision guidance
reference object is at least one traffic signal, and the af-
firmation/vision guidance means (step) guides the driv-
er's vision to the branch road designated by the route
guidance using the number of traffic signals from the ve-
hicle location to the branch road and affirms the driver's
visual activity when the driver visually recognizes the
branch road.
[0042] In accordance with the present invention, since
at least one traffic signal, the easiest object for the driver
to recognize, is used as the vision guidance reference
object and the driver's vision is guided to the branch
road designated by the route guidance using the
number of traffic signals to the branch road, the driver
can be visually guided easily and reliably.
[0043] In the foregoing first, second and third aspects
of the present invention, preferably the vision guidance
reference object is another vehicle driving ahead of the
driver's vehicle, the present invention further comprises
an image recognition device for recognizing objects lo-
cated ahead of the vehicle, and the affirmation/vision
guidance means (step) causes the driver to visually rec-
ognize the other vehicle driving ahead that was recog-
nized by the image recognition device, guides the driv-
er's line of vision to the branch road designated by the
route guidance using the other vehicle as a reference,
and further affirms the driver's visual activity when the
driver visually recognizes the branch road.
[0044] In accordance with the present invention, since
a vehicle driving ahead, an object relatively easy for the
driver to recognize, is used as the vision guidance ref-
erence object, the driver can be visually guided to the
branch road designated by the route guidance easily
and reliably.
[0045] In the foregoing first, second and third aspects
of the invention, preferably the vision guidance refer-
ence object is a traffic sign installed on the road the ve-
hicle is driving on, and the affirmation/vision guidance
means (step) causes the driver to visually recognize the
traffic sign, guides the driver's vision to the branch road
designated by the route guidance using the traffic sign
as a reference and affirms the driver's visual activity
when the driver visually recognizes the branch road.
[0046] In accordance with the present invention, since
a traffic sign, an object relatively easy for the driver to
recognize, is used as the vision guidance reference ob-
ject, the driver can be visually guided to the branch road
designated by the route guidance easily and reliably.
[0047] In the foregoing first, second and third aspects
of the present invention, preferably the vision guidance
reference object is a vision guidance cue projected on
the vehicle windshield, and the affirmation/vision guid-
ance means (step) causes the driver to visually recog-
nize the vision guidance cue, guides the driver's vision
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to the branch road designated by the route guidance us-
ing the vision guidance cue and affirms the driver's vis-
ual activity when the driver visually recognizes the vision
guidance cue.
[0048] In accordance with the present invention, since
a vision guidance cue projected on the vehicle wind-
shield is used as the vision guidance reference object,
the driver can be visually guided to the branch road des-
ignated by the route guidance easily and reliably even
if no appropriate vision guidance reference object is
present forward of the driven vehicle.
[0049] In the foregoing first, second and third aspects
of the present invention, the affirmation/vision guidance
means (step) preferably retrieves an object located in
an area near the branch road designated by the route
guidance as the vision guidance reference object.
[0050] In the foregoing first, second and third aspects
of the present invention, the affirmation/vision guidance
means (step) preferably retrieves a vision guidance ref-
erence object located in an area of a predetermined
range θ centered on the road the vehicle is driving on.
[0051] In the foregoing first, second and third aspects
of the present invention, the affirmation/vision guidance
means (step) preferably sets the value of the predeter-
mined range θ smaller in proportion as the distance to
the branch road designated by the route guidance is
longer, the vehicle driving conditions are worse, and the
vehicle is larger or its turning radius is smaller.
[0052] In the foregoing first, second and third aspects
of the present invention, the affirmation/vision guidance
means (step) preferably guides the driver's vision to the
direction of the branch road designated by the route
guidance when a vision guidance reference object can-
not be specified.
[0053] In accordance with the present invention, since
the driver's vision is guided to the direction of the branch
road designated by the route guidance when a vision
guidance reference object cannot be specified, the driv-
er can drive in the direction of the branch road without
hesitation even if a vision guidance reference object
cannot be specified.
[0054] In the foregoing first, second and third aspects
of the present invention, the affirmation/vision guidance
means (step) preferably provides vision guidance by ex-
aggeratedly displaying the vision guidance reference
object on a display.
[0055] In accordance with the present invention, since
the vision guidance reference object is exaggeratedly
displayed on a display, the driver can instantaneously
recognize the vision guidance reference object so that
the driver can be visually guided to the branch road des-
ignated by the route guidance easily and reliably.
[0056] In the foregoing first, second and third aspects
of the present invention, the affirmation/vision guidance
means (step) preferably selects a vision guidance ref-
erence object that is easy to visually recognize when
forward visibility is relatively poor such as during night
and rainy condition driving.

[0057] In accordance with the present invention, even
when forward visibility is relatively poor such as during
night and rainy condition driving, the driver can be vis-
ually guided to the branch road designated by the route
guidance easily and reliably since the driver can easily
visually recognize the vision guidance reference object.
[0058] The foregoing first, second and third aspects
of the present invention preferably further comprises
correction means (a correction step) for under predeter-
mined conditions correcting the particulars of the control
for executing the vision guidance by the affirmation/vi-
sion guidance means, so as to enhance the accuracy of
the vision guidance.
[0059] In accordance with the present invention, ef-
fective vision guidance is possible and safety can be im-
proved because under predetermined conditions the
particulars of the control for executing the vision guid-
ance are corrected so as to enhance the accuracy of the
vision guidance.
[0060] In the foregoing first, second and third aspects
of the present invention, the time point of the control for
executing vision guidance is advanced in proportion as
the reaction time period between vision guidance by the
affirmation/vision guidance means and the driver's vis-
ual recognition response is longer. Further, the time
point of the vision guidance control is preferably ad-
vanced in proportion as weather conditions make the
driver's visual recognition more difficult. Still further, the
time point of the vision guidance control is preferably
advanced more at night than during the day.
[0061] The present invention thus corrects (advanc-
es) the time point of the vision guidance control when it
is difficult for the driver to recognize the vision guidance
reference object to which his or her vision is guided. As
this prolongs the time period for the vision guidance by
the amount of the advance, recognition of the vision
guidance reference object is made easier, thereby ena-
bling effective vision guidance and increasing safety.
[0062] In the foregoing first, second and third aspects
of the present invention, correction is preferably con-
ducted to enhance the driver's visual recognition accu-
racy more in a region unfamiliar to the driver than in a
region familiar to the driver.
[0063] In accordance with the present invention, the
driver can drive reliably and with no decrease of safety
even in an unfamiliar region because correction is con-
ducted to enhance the driver's visual recognition accu-
racy in a region unfamiliar to the driver.

Brief Description of the Drawings

[0064] In the accompanying drawings:

Figure 1 is a basic configuration diagram showing
a route guidance system that is a first embodiment
of the present invention;
Figure 2 is a schematic perspective view showing
a vehicle installed with the route guidance system
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of the first embodiment of the present invention;
Figure 3 is a view from the rear of the vicinity of the
driver's seat of a vehicle installed with the route
guidance system of the first embodiment of the
present invention;
Figure 4 is a schematic view for explaining a retriev-
al condition 2 for specifying a vision guidance ref-
erence object in the first embodiment of the present
invention;
Figure 5 is a schematic view for explaining a retriev-
al condition 3 for specifying a vision guidance ref-
erence object in the first embodiment of the present
invention;
Figure 6 is a schematic view for explaining a retriev-
al condition 4 for specifying a vision guidance ref-
erence object in the first embodiment of the present
invention;
Figure 7 is diagram showing an example of vision
guidance of a driver by the route guidance systems
according to first and second embodiments of the
present invention;
Figure 8 is a diagram showing an example of a dis-
play screen during vision guidance of a driver by the
route guidance system of the first embodiment of
the present invention;
Figure 9 is a diagram showing another example of
a display screen during vision guidance of a driver
by the route guidance system of the first embodi-
ment of the present invention;
Figure 10 is a chart showing vision guidance levels,
distance from vehicle location to guidance-desig-
nated branch road (intersection) and vision guid-
ance particulars in the route guidance systems of
the first and second embodiments of the present in-
vention;
Figure 11 is a flowchart showing the flow of opera-
tions (route guidance method) of the route guidance
system of the first embodiment of the present inven-
tion;
Figure 12 is a basic configuration diagram showing
a route guidance system that is a second embodi-
ment of the present invention;
Figure 13 is a schematic perspective view showing
a vehicle installed with the route guidance system
of the second embodiment of the present invention;
Figure 14 is a chart showing the priority order of vi-
sion guidance reference objects selected by the
route guidance system of the second embodiment
of the present invention;
Figure 15 is a flowchart showing the flow of opera-
tions (route guidance method) of the route guidance
system of the second embodiment of the present
invention;
Figure 16 is a flowchart showing the flow of opera-
tions of the route guidance system of the second
embodiment of the invention when disabling vision
guidance;
Figure 17 is a flowchart showing the flow of control

operations for vision guidance conducted by the
route guidance system of the second embodiment
of the present invention;
Figure 18 is a flowchart showing the flow of opera-
tions for setting the time point of vision guidance in
the route guidance system of the second embodi-
ment of the present invention;
Figure 19 is a flowchart showing the flow of opera-
tions in vision guidance by the route guidance sys-
tem of the second embodiment of the present in-
vention for ascertaining driver visual recognition of
the vision guidance reference object or visual rec-
ognition direction ("now-checking" switch provid-
ed);
Figure 20 is a flowchart showing the flow of opera-
tions in vision guidance by the route guidance sys-
tem of the second embodiment of the present in-
vention for ascertaining driver visual recognition of
the vision guidance reference object or visual rec-
ognition direction ("now-checking" switch not pro-
vided); and
Figure 21 is a screen used to make initial settings
in the route guidance system of the second embod-
iment of the present invention.

Detailed Description of the Preferred Embodiments

[0065] Preferred embodiments of the present inven-
tion will now be explained with reference to the draw-
ings.
[0066] A route guidance system, route guidance
method and route guidance program according to a first
embodiment of the present invention will be explained
with reference to Figures 1 to 11. Figure 1 is a basic
configuration diagram showing a route guidance system
that is a first embodiment of the present invention.
[0067] In Figure 1, reference numeral 1 designates a
vehicle route guidance system (navigation system). An
information center 2 is provided externally of the vehicle.
The information center 2 is composed of a host compu-
ter 4, a map information database 6 storing map infor-
mation and the like, and a various contents database 8
storing various contents.
[0068] The vehicle route guidance system 1 is con-
nected to the Internet 12 through one of numerous tel-
ecommunications stations 10 installed region by region.
Through this connection, the vehicle route guidance
system 1 installed in the vehicle and can acquire various
information, including map information, from the infor-
mation center 2.
[0069] As explained later in more detail, the vehicle is
equipped with map information (a DVD-ROM 22) so that
route guidance (including the vision guidance explained
later) can be provided even when map information can-
not be obtained from the information center 2. Map in-
formation acquired from the information center 2 ena-
bles more accurate route guidance because it is always
up to date.
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[0070] So as to be able to provide the vehicle with
route directions (route guidance) to its destination based
on input data and the operations of the driver, the vehicle
route guidance system 1 is equipped with a CPU 14 and
a transceiver 16 for receiving various map and other in-
formation from the information center 2 via the Internet
12 and telecommunications station 10 and for sending
information from the vehicle to the information center 2.
The transceiver 16 is a car phone or a mobile phone.
[0071] The vehicle route guidance system 1 is further
equipped with an HDD storage device 18 for storing re-
ceived map information and the like, a display 20 for dis-
playing map information and the vision guidance ex-
plained later, the aforesaid DVD-ROM 22, which stores
map information separate from that acquired informa-
tion center 2 and is provided independently by the vehi-
cle owner, for example, an operation switch 24 for use
by the driver to set a destination and request map infor-
mation and the like from the information center 2, and a
warning device 26 that issues a warning when informa-
tion cannot received from the information center.
[0072] The vehicle route guidance system 1 is also
equipped with a GPS receiver 28 for detecting the vehi-
cle's current location, a vehicle speed sensor 30 and a
gyro sensor 32. The GPS receiver 28 detects the current
location from received satellite signals, the vehicle
speed sensor 30 detects the vehicle speed for use in
calculating distance traveled, the gyro sensor 32 detects
the vehicle travel direction. The current location of the
vehicle can be accurate ascertained from the values de-
tected by the sensors 28, 30 and 32.
[0073] The vehicle route guidance system 1 is addi-
tionally equipped with a VICS receiver 34 for acquiring
traffic congestion information from the information cent-
er 2 or another traffic information center (not shown).
[0074] The vehicle route guidance system 1 is further
equipped with a CCD camera 36, a visual activity detec-
tion device (eye tracking camera) 38 and a vision guid-
ance device 40. These are pieces of equipment for pro-
viding the driver with the vision guidance explained later.
[0075] As illustrated in Figures 2 and 3, the CCD cam-
era 36 is for imaging the view ahead and around the
vehicle. Its direction can be adjusted vertically and lat-
erally. The CCD camera 36 is has image recognition ca-
pability. By processing the imaged view, it can, for ex-
ample, recognize another vehicle driving ahead (corre-
sponding to what is later called a "vision guidance ref-
erence object"), traffic volume (presence and degree of
congestion), presence and number of pedestrians,
whether it is night, and whether or not it is raining.
[0076] The eye tracking camera 38 is installed for-
ward of the vehicle driver's seat. It is a visual activity
detector for detecting the direction of the driver's line of
sight and what the driver is looking at (visually recog-
nized object). As the visual activity detector (eye track-
ing camera) can be used one adopting any of various
technologies, including the EOG method, photoelectric
element EOG (P-EOG) method, retina reflection meth-

od, first/fourth Purkinje image detecting method, contact
lens method, search coil method and infrared ray fundus
camera method.
[0077] The vision guidance device 40 judges whether
the driver's visual activity detected by the eye tracking
camera 38 (sight line direction and/or watched object)
is right in light of the route guidance, affirms the visual
activity when it is right, and, when it is wrong, visually
guides the driver to the branch road designated by the
route guidance. As shown in Figure 3, a speaker 42 is
installed in the A pillar near the driver's seat. The speak-
er 42 can be used to give the driver voice guidance with
regard to course directions and vision guidance.
[0078] Further, in order to visually guide the driver, a
guidance beam is projected by a beam projector (not
shown) onto the windshield 44 to display a spot that the
drive perceives as a vision guidance cue 46. The object
to which the driver's line of sight should be guided (later
called the "vision guidance reference object") is present
on an extension of the line connecting the driver's eye
location and the vision guidance cue 46.
[0079] In addition, an OHD device (not shown) dis-
plays a screen on the windshield 44 as an auxiliary dis-
play 20a identical to that of the display 20.
[0080] The vision guidance device 40 will now be ex-
plained in detail. The vision guidance device 40 possess
discrimination capability for discriminating whether the
driver's visual activity is right in light of the route guid-
ance, affirmation capability for affirming the driver's vis-
ual activity when it is right, and vision guidance capabil-
ity for visually guiding the driver when his or her visual
activity is wrong.
[0081] Specifically, when the driver visually recogniz-
es the branch road designated by the route guidance, i.
e., when the driver accurately visually recognizes the
branch road to be taken, the vision guidance device 40
gives the driver voice guidance, such as "That's right."
When the driver does not visually recognize the branch
road designated by the route guidance, the vision guid-
ance device 40 guides the driver's vision to the desig-
nated by the route guidance using the object visually
recognized by the driver at that time as a reference.
[0082] Otherwise, as another method, when the driver
does not visually recognize the branch road designated
by the route guidance, the vision guidance device 40
can first guide the driver to progressively recognize vi-
sion guidance reference objects convenient for conduct-
ing the vision guidance and finally guide the driver's vi-
sion to the branch road designated by the route guid-
ance.
[0083] Or, as still another method, when the driver
does not visually recognize the branch road designated
by the route guidance, the vision guidance device 40
can guide the driver's vision to the direction of the
branch road designated by the route guidance.
[0084] The term "vision guidance reference objects
convenient for conducting the vision guidance" used
here is defined as follows. In a situation where the
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branch road designated by the route guidance is rela-
tively easy to perceive, such as at a T-junction or right-
angle crossroads, selection (retrieval) of a vision guid-
ance reference object is made in the priority order of,
among objects located ahead of the vehicle with respect
to its direction of travel, 1) traffic signal, 2) structure (con-
venience store, service station, clock tower, statue or
other conspicuous building or the like), 3) vehicle ahead
(bus, truck or other large conspicuous vehicle), 4) traffic
sign or billboard (conspicuous sign for traffic control or
other purpose), and 5) the aforesaid guidance beam.
The easiest vision guidance reference object for the
driver to notice is a traffic signal, followed by a structure,
vehicle ahead, traffic sign and other sign. When no such
vision guidance reference object is present, the vision
guidance device 40 selects the guidance beam as the
vision guidance reference object.
[0085] In the case of a complicated intersection or the
like, e.g., at a five-way intersection, where there are sev-
eral intersections within a short distance or where the
road has a complex shape, selection of a vision guid-
ance reference object is made in the priority order of: 1)
structure (convenience store, service station, clock tow-
er, statue or other conspicuous building or the like), 2)
vehicle ahead (bus, truck or other large conspicuous ve-
hicle), 3) traffic sign or billboard (conspicuous sign for
traffic control or other purpose), and 4) the aforesaid
guidance beam. Selection of a traffic signal as the vision
guidance reference object is not appropriate at a com-
plicated intersection or the like because the driver would
become confused about which branch road to take.
Therefore, in the selection of the vision guidance refer-
ence object, top priority is given to a structure, the most
easily perceived object, followed by a vehicle ahead, a
traffic or other sign, and the guidance beam.
[0086] The retrieval conditions for specifying a vision
guidance reference object when the vision guidance de-
vice 40 visually guides the driver will now be explained
with reference to Figures 4 to 6.
[0087] In retrieval condition 1, if the driver is looking
at something, the object that he or she is looking at is
itself defined as the vision guidance reference object
and used as a reference for guiding the driver's vision
to the branch road designated by the route guidance.
The voice guidance given at this time is, for example,
"Turn right at the second road beyond the road you are
looking at."
[0088] In retrieval condition 2, as exemplified with re-
spect to an intersection 50 in Figure 4, a vision guidance
reference object is selected (retrieved) based on the
foregoing criteria from within an area 5 near the branch
road 52 designated by the route guidance at an inter-
section 50.
[0089] In retrieval condition 3, as exemplified in Figure
5, a vision guidance reference object is selected based
on the foregoing criteria from within an area 58 extend-
ing over a range θ centered on the current road 56 as
viewed from the guided vehicle A. At this time, θ is nar-

rowed in proportion as the distance from the vehicle A
to the branch road 52 at the intersection 50 designated
by the route guidance is longer, is narrowed in propor-
tion as the driving environment is worse (traffic volume
and number of pedestrians is greater), is made maxi-
mum (180 degrees) when the vehicle A is stopped, is
narrowed in proportion as the vehicle speed is greater;
and is narrowed in proportion as the turning radius is
smaller. Regulating the value of θ in this manner enables
selection of a vision guidance reference object conven-
ient for vision guidance.
[0090] Further, in retrieval condition 3, as exemplified
in Figure 6, a vision guidance reference object is select-
ed based on the foregoing criteria from within an area
60 extending over a vertical range θ1 ahead of the ve-
hicle A. At this time, θ1 is broadened in proportion as
the distance from the vehicle A to the branch road 52
designated by the route guidance is longer, is narrowed
in the range above its center 62 in proportion as said
distance is shorter, is narrowed in its upper range in pro-
portion as the driving environment is worse (traffic vol-
ume and number of pedestrians is greater), is made
maximum (180 degrees) when the vehicle A is stopped,
is narrowed in its upper range in proportion as the vehi-
cle speed is greater, and is narrowed in its upper range
in proportion as the turning radius is smaller. Regulating
the value of θ1 in this manner enables selection of a
vision guidance reference object convenient for vision
guidance.
[0091] In retrieval condition 4, when a vision guidance
reference object cannot be selected (specified) in any
of the foregoing conditions 1-3, the vision guidance ref-
erence object retrieval is terminated, the direction of the
branch road designated by the route guidance is indi-
cated to the driver, and when the driver thereafter looks
at the branch road designated by the route guidance,
voice guidance is given to the effect of "That's right."
[0092] Next, an example of the vehicle route guidance
system 1 of this embodiment giving the driver vision
guidance during route guidance to the destination will
be explained with reference to Figure 7. Figure 7 exem-
plifies an example in which many intersections exist
within a short distance. It therefore includes not only the
map displayed on the display 20 but also superimposed
information, including the driver sight line direction, the
vision guidance reference object, and the voice guid-
ance given. Road 56 in Figure 7 is the designated road
along which the guided vehicle A is to be guided. It is
displayed to appear wider than the other roads (exag-
gerated display) to make it easy for the driver to recog-
nize.
[0093] As shown in Figure 7, the guided vehicle A is
traveling along the guidance-designated road 56. At this
time, the driver's line of sight is initially directed toward
the guidance-designated road 56. The course directions
to the destination call for the vehicle A to turn right onto
the branch road 52 at the intersection 50 ahead. There
are two intersections before the intersection 50, making
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it difficult for the driver to identify the branch road 52
designated by the route guidance. When such a situa-
tion is encountered, the driver is visually guided to the
branch road 52 (road requiring a right turn) at the inter-
section 50 as explained in the following.
[0094] First, at the vehicle A1 location, the driver is
looking in the direction of about two o'clock as indicated
at B1. In other words, the drive is not watching the road
56 in line with the course directions. At the vehicle A2
location, therefore, a service station 64 is selected as a
vision guidance reference object and the voice guidance
announces, "Service station on the left," is given. Simul-
taneously, the mark representing the service station 64
on the map on the display 20 is enlarged. As indicated
at B2, this vision guidance causes the driver to perceive
(visually recognize) the service station 64 located on the
left in accordance with the voice guidance and the en-
larged display of the service station 64. At this time, the
voice guidance announces the affirmation, "Yes, that's
it."
[0095] In providing the driver with vision guidance, the
method used to call the driver's attention to the service
station 64 (vision guidance reference object) is not lim-
ited to enlarged display as mentioned here, and any of
various other exaggerated display methods, such as
change to a conspicuous color or blinking display, can
be used instead or in addition.
[0096] Next, at the vehicle A3 location, when the ve-
hicle is driving past the service station 64, a fire station
66 is selected as a vision guidance reference object, and
the voice guidance announces, "There's a fire station
ahead on the right." Simultaneously, the mark repre-
senting the fire station 66 is enlarged. As indicated at
B3, the driver perceives (visually recognizes) the fire
station 66 located ahead on the right in accordance with
the voice guidance and the enlarged display of the fire
station 66. At this time, the voice guidance announces
the affirmation, "Yes, that's the fire station," and further
announces, "Take the road long its left side."
[0097] At the vehicle A4 location just before the inter-
section 50, the driver sees the branch road 52 designat-
ed by the route guidance and the voice guidance an-
nounces the affirmation, "Yes, that's the right road."
[0098] Thus the driver can enter the branch road 52
to be taken at the intersection 50 reliably without hesi-
tation
[0099] Another example of the vehicle route guidance
system 1 of this embodiment giving the driver vision
guidance will now be explained with reference to Fig-
ures 8 and 9. Figures 8 and 9 show screens appearing
on the display 20 during vision guidance in accordance
with the present embodiment.
[0100] As seen in Figure 8, the map appearing on the
screen of the display 20 displays the optimum route
(road) 52, 56 for giving the driver route guidance (course
directions) to the destination in a larger width than the
other roads so as to make the road 52, 56 easy for the
driver to notice. The driver's vision range X detected by

the eye tracking camera 38 is also displayed. In order
to visually guide the driver, it is first necessary to retrieve
(specify) a vision guidance reference object for the vi-
sion guidance. In this example, since the distance from
the vehicle A to the intersection 50 to which route guid-
ance is to be given is relatively long, a building 68 visible
beyond an intersection 50 is retrieved (selected) as the
vision guidance reference object. The driver's vision is
then guided to the building 68 by enlarging it on the dis-
played screen (exaggerated display). This makes the
driver recognize that the branch road 52. designated by
the route guidance is in the direction of the building 68.
[0101] If the eye tracking camera 38 should detect
that the driver has visually recognized not the branch
road 52 designated by the route guidance but another
road 70, the display of the road 70 is enlarged (or exag-
gerated in some other way such by changing its color
or making it blink). The road 70 is then used as a refer-
ence for visually guiding the driver. Specifically, on the
map appearing on the display, the roads up to and in-
cluding the branch road 52 are superimposed with nu-
merals (two numerals (1) and (2) in this example),
whereafter the driver is visually guided by the voice guid-
ance announcement, "The road to take is second road
beyond the one you are looking at." In other words, the
road 70 the driver is looking at is exaggeratedly dis-
played to differentiate it from the branch road 52 desig-
nated by the route guidance. This makes the driver re-
alize that he or she is looking at a road 70 different from
branch road 52 designated by the route guidance.
[0102] In the example shown in Figure 8, it is possible
to give only vision guidance using the building 68 visible
beyond the intersection 50 as a vision guidance refer-
ence object, give only vision guidance using the road 70
noticed by the driver as a reference, or give these two
types of vision guidance in combination.
[0103] In the example shown in Figure 9, the driver's
vision range X is displayed and a gasoline station 72
near the intersection 50 is retrieved as a vision guidance
reference object. Next, vision guidance is given by en-
larging the displayed gasoline station 72. This makes
the driver aware that the branch road 52 is in the direc-
tion of the left side of the gasoline station 72. In this ex-
ample, as in the example of Figure 8, the road 70 the
driver is looking at can be used as a reference for the
vision guidance. This example is the same as that ex-
plained with reference to Figure 8 in other aspects.
[0104] As shown in Figures 7 to 9, while the driver is
being given vision guidance, various information for the
vision guidance is shown on the display screen (such
as map information, vision range, guidance-designated
route and visually recognized object). To view the dis-
play screen, the driver must direct his or her line of sight
in the direction of the display screen, and in order to give
the driver vision guidance it is necessary for the driver
to accurately recognize the information displayed on the
screen. The displayed screen is therefore maintained
for a predetermined period (several seconds).
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[0105] When a display screen is maintained for a pre-
determined period during vision guidance in this man-
ner, in some instances the driver may once look away
from the display screen and then return to it. It is there-
fore made possible to return to and maintain the display
screen previously viewed by the driver.
[0106] Such maintenance of the display screen for a
predetermined time period makes it possible to visually
guide the driver with better accuracy and enables the
driver to distinguish the road to be taken without hesita-
tion.
[0107] The route guidance system of this embodiment
changes the particulars of the vision guidance depend-
ing on the driving conditions (vehicle speed, traffic vol-
ume, presence of pedestrians etc.) and the distance
from the vehicle location to the branch road designated
by the route guidance. Figure 10 is a chart showing an
example of how this embodiment changes the particu-
lars of the vision guidance in accordance with driving
conditions and distance from the vehicle location to the
branch road designated by the route guidance. Figure
10 is explained in detail in the following.
[0108] The vision guidance level is categorized into
level 0 to level 5 based on the conditions ahead. Vision
guidance level 0 refers to such circumstances as when
the vehicle is stopped, driving at low speed or driving in
light traffic, i.e., conditions enabling thorough vision
guidance. Vision guidance level 1 refers to such circum-
stances as when the vehicle is driving at low speed on
a congested road, i.e., mild conditions that make vision
guidance slightly difficult. Vision guidance level 2 refers
to such circumstances as when the vehicle is driving at
medium speed in moderate traffic, i.e., moderate condi-
tions that make vision guidance difficult. Vision guid-
ance level 3 refers to such circumstances as when the
vehicle is driving at medium speed or higher in heavy
traffic, i.e., severe conditions that make vision guidance
still more difficult. Vision guidance level 4 refers to such
circumstances as when the vehicle is driving in heavy
traffic with pedestrians etc. present, i.e., dangerous con-
ditions that make vision guidance extremely difficult. Vi-
sion guidance level 5 refers to the case where the vision
guidance switch (not shown) is off and the driver does
not want vision guidance. No vision guidance is con-
ducted at level 5.
[0109] In the present embodiment, the particulars of
the vision guidance are changed in accordance with the
driving conditions (vehicle speed and traffic conditions
around vehicle) defined by the vision guidance levels 0
to 5.
[0110] In this embodiment, distance from the vehicle
location to the branch road (intersection) designated by
the route guidance is divided into stages of, for instance,
700 m, 300 m, 100 m, 50 m and less than 50 m, and the
particulars of the route guidance (including vision guid-
ance) are changed in accordance with the stage.
[0111] In the present embodiment, as shown in Figure
10, regions (1) to (36) are established for different com-

binations of vision guidance level and distance from the
vehicle location to the branch road designated by the
route guidance. The particulars of the route guidance
(including vision guidance) are differentiated by region.
[0112] An example of the nature of the route guidance
(vision guidance) provided by the present embodiment
will now be explained in detail with reference to Figure
10. When the distance form the vehicle location to the
intersection (branch road) designated by the route guid-
ance is 100 m or greater, and the vision guidance level
is 0 - 4 (regions 1 - 15), course directions are given by
a voice guidance announcement such as, "Diagonally
right at such-and-such intersection 700 m ahead." That
is, when the distance from the vehicle location to the
intersection (branch road) designated by the route guid-
ance is long, the voice guidance gives the distance to
the intersection, the name of the intersection and the
direction at the intersection.
[0113] In the regions 1 - 15, the foregoing route direc-
tions can be given either alone or together with vision
guidance. When vision guidance is given, if the direction
in which the driver is looking is the direction in which the
intersection (branch road) designated by the route guid-
ance is located, the voice guidance gives the affirma-
tion, "That's the right direction." When the driver does
not visually recognize (see) the intersection (branch
road) designated by the route guidance, the voice guid-
ance guides the driver's vision to the direction of the in-
tersection (branch road) by announcing, "Look diago-
nally right."
[0114] When the distance between the vehicle loca-
tion and the intersection (branch road) has become 100
- 50 m (at night, when rainy, etc., 100 - 70 m as explained
later), the driver is given normal course directions when
the branch road designated by the route guidance is not
visible (because the road being driven curves, for ex-
ample). Specifically, in the regions 16 - 18 at vision guid-
ance levels 0 - 2, the driver is guided to the direction of
the intersection designated by the route guidance. In re-
gions 19 and 20 at vision guidance levels 3 and 4, the
voice guidance announces, "Diagonally right at such-
and-such intersection 50 m ahead," and, if necessary,
the driver is instructed to change lanes.
[0115] Moreover, in the regions 16 - 20, the foregoing
route directions can be given either alone or together
with vision guidance. When vision guidance is given, if
the direction in which the driver is looking is the direction
in which the branch road designated by the route guid-
ance is located, the voice guidance gives the affirma-
tion, "That's the right direction." When the driver does
not see the branch road designated by the route guid-
ance, the voice guidance guides the driver's vision to
the direction of the branch road by announcing, "Look
diagonally right."
[0116] As shown at regions 21 - 25 in Figure 10, if the
branch road is visible to the driver, vision guidance is
given. In region 21, at vision guidance level 0, if the driv-
er sees the branch road designated by the route guid-
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ance, the voice guidance announces, "That's right." If
the driver does not see the branch road, the voice guid-
ance announces, for instance, "It's ahead on the right,"
and when the driver visually recognizes the branch road
designated by the route guidance, the voice guidance
announces, "That's right."
[0117] Nearly the same vision guidance is also given
at vision guidance levels 1 - 4. However, at vision guid-
ance level 1 (region 22), the vision guidance'is given us-
ing a vision guidance reference object selected in the
aforesaid priority order of traffic sign, billboard, structure
and vehicle ahead. At vision guidance level 2 (region
23), the vision guidance is given using a vision guidance
reference object selected in the aforesaid priority order
of billboard, structure and vehicle ahead. At vision guid-
ance level 3 (region 24), the vision guidance is given
using a vision guidance reference object selected in the
aforesaid priority order of structure and vehicle ahead.
At vision guidance level 4 (region 25), vision guidance
is given using the direction of the road to be taken.
[0118] Thus, in regions 21 - 25, the vision guidance
reference object is changed with vision guidance level.
This is because the driver must concentrate increasingly
on driving as the vision guidance level passes from 1 to
4. So, while no problem arises in conducting vision guid-
ance at vision guidance level 0, it is preferable to select
a larger and more conspicuous vision guidance refer-
ence object as the vision guidance level passes from 1
to 4. The aim is to lessen the degree of attention the
driver needs to pay to the vision guidance reference ob-
ject during vision guidance and thereby ensure that the
vision guidance does not decrease the driver's concen-
tration on driving, which is the primary concern.
[0119] When the distance between the vehicle loca-
tion and the branch road (intersection) has become less
than 50 m (at night, when rainy, etc., less than 70 m as
explained later), the driver is given vision guidance us-
ing the direction and a landmark (intersection) when the
branch road is not visible (because the road being driven
curves, for example). Specifically, in the regions 26 - 30
at vision guidance levels 0 - 4, the driver is given direc-
tion-based vision guidance and, in the course of this
guidance, is given advance notice of the intersection
and visually guided to it from a location where the inter-
section can be seen. For example, the voice guidance
announces, "An intersection will soon be visible on the
right. It's the one. Turn right there." When the driver sees
the branch road designated by the route guidance, the
voice guidance announces, "That's right."
[0120] In regions 31 - 33, since the driver can see the
branch road, basic vision guidance is given. When the
driver sees the branch road designated by the route
guidance, the voice guidance announces, "That's right,"
and when he or she does not, the driver's vision is guid-
ed to the branch road with reference to the object being
viewed by the driver defined as the vision guidance ref-
erence object. Otherwise, in the manner explained ear-
lier, the driver's vision can be guided to the branch road

by causing the driver to notice (visually recognize) a
specific vision guidance reference object and using it as
a reference. In regions 35 and 35 at vision guidance lev-
els 3 and 4, imminent termination of vision guidance is
announced and the vision guidance is then terminated,
because circumstances require the driver to concen-
trate on the primary concern of driving.
[0121] At vision guidance level 5, which corresponds
to the case of the vision guidance switch (not shown)
being turned off, vision guidance is terminated and nor-
mal voice guidance is given.
[0122] When, in the course of vision guidance, the
range of the driver's vision range exceeds a predeter-
mined value, e.g., if it is outside the range θ, the vision
guidance is disabled. This is because the situation is ei-
ther one that does not require vision guidance or one in
which appropriate vision guidance is not possible.
[0123] Further, under conditions of relatively poor vis-
ibility, such as at night or when rainy, the driver is pref-
erably given vision guidance at an earlier point in time.
The time point of the vision guidance therefore needs to
be advanced relative to that indicated in Figure 10. For
example, the "50 m" distance specified for regions 15 -
25 in Figure 10 is preferably changed to "70 m", and the
"under 50 m" distance specified for regions 26 - 35 is
preferably changed to "under 70 m."
[0124] The flow of operations (route guidance meth-
od) of the route guidance system of this embodiment will
now be explained with reference to Figure 11, in which
the symbol T represents "step."
[0125] First, in T1, it is checked whether the vision
guidance switch (not shown) is ON. When it is ON, next,
in T2, it is checked whether a destination has been set.
If a destination has been set, the process goes to T3, in
which the distance from the vehicle location to the
branch road designated by the route guidance is calcu-
lated and the driving conditions (vehicle speed etc.) are
checked. Next, in T4, it is judged whether the vehicle
location is within 100 m of the branch road (intersection)
designated by the route guidance. If it is not within 100
m, i.e., if the distance to the branch road is considerable,
the process goes to T5, in which normal route guidance
(course directions) is conducted. No vision guidance is
given at this time.
[0126] The foregoing steps T4 and T5 can be re-
placed by steps in which, as explained earlier, the vision
guidance of regions 1 - 15 of Figure 10 is given when
the distance from the vehicle location to the branch road
is equal to or greater than 700 m, 300 m or 100 m.
[0127] Next, in T6, the vehicle location, driver vision
direction and object viewed by the driver (including vi-
sion range) at that time are detected. Then, in T7, image
recognition is carried out on the image taken by the CCD
camera 36 to deduce information on conditions ahead
of the vehicle (traffic volume, presence of pedestrians,
whether raining, whether night, etc.). Next, in T8, a
check is made as to whether it is rainy or night. When it
is neither rainy nor night, the process goes to T9, in
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which a vision guidance reference object for normal
mode (case of 50 m standard in Figure 10, for example)
is retrieved. When it is rainy or night, the process goes
to T10, in which a vision guidance reference object for
rainy/night mode is retrieved. The retrieval of a vision
guidance reference object for the rainy/night mode is
configured to facilitate selection of a light-emitting object
(e.g., a convenience store, gasoline station, vehicle
ahead or the like). Next, in T11, the time point of the
vision guidance is advanced. The advance of the vision
guidance time point is made by, for example, changing
50 m to 70 m in Figure 10. Under rainy or night driving
conditions, it suffices to conduct either T10 or T11, but
it is also possible to conduct both steps.
[0128] Next, in T12, the vision guidance level (0 - 4)
is determined. Then, in T13, it is determined whether
the vision guidance time point has arrived. The vision
guidance time point is, for example, the one indicated
in the corresponding region shown in Figure 10. When
the vision guidance time point has not yet arrived, the
process returns to T6. When the vision guidance time
point has arrived, the process goes to T14, in which vi-
sion guidance is conducted in accordance with the vi-
sion guidance level (0 - 4) and the distance from the ve-
hicle location to the branch road designated by the route
guidance (see Figure 10).
[0129] As explained in the foregoing, the route guid-
ance system, route guidance method and route guid-
ance program in accordance with the first embodiment
of the present invention enable a driver to confidently
take the right branch road without hesitation even at a
complicated intersection or the like.
[0130] A route guidance system, route guidance
method and route guidance program that are a second
embodiment of the present invention will now be ex-
plained with reference to Figures 12 to 21. No explana-
tion will be give with regard to portions similar to those
of the first embodiment and only the portions that differ
will be explained.
[0131] Figure 12 is a basic configuration diagram
showing the route guidance system that is a second em-
bodiment of the present invention. As shown in Figure
12, the vehicle route guidance system (navigation sys-
tem) 1 is, like that according to the first embodiment,
equipped with a CPU 14, transceiver 16, HDD storage
device 18 , display 20, DVD-ROM 22, operation switch
24, warning device 26, GPS receiver 28, vehicle speed
sensor 30, gyro sensor 32, VICS receiver 34, CCD cam-
era 36, visual activity detector (eye tracking camera ) 38
and vision guidance device 40.
[0132] The vehicle route guidance system 1 is further
equipped with a guidance beam projection switch 80
and a "now-checking" switch 82. As shown in Figure 13,
the guidance beam projection switch 80 and "now-
checking" switch 82 are attached to the steering wheel
84 for easy operation by the driver.
[0133] The CCD camera 36, visual activity detector
(eye tracking camera ) 38, vision guidance device 40,

guidance beam projection switch 80 and "now-check-
ing" switch 82 are used to visually guide the driver as
explained later.
[0134] As shown in Figure 13, a guidance beam 86 is
projected by a beam projector (not shown) onto the
windshield 44 to visually guide the driver. An object to
which it is desired to guide the driver's vision (a vision
guidance reference object explained later) is present in
the direction ahead indicated by the guidance beam 86.
[0135] The basic functions of the vision guidance de-
vice 40 of the second embodiment are the same as
those of the first embodiment, i.e., it has discrimination
capability for discriminating whether the driver's visual
activity is right in light of the route guidance, affirmation
capability for affirming the driver's visual activity when it
is right, and vision guidance capability for visually guid-
ing the driver when his or her visual activity is wrong.
[0136] Vision guidance reference objects convenient
for the vision guidance will now be explained with refer-
ence to Figure 14. In the case of a T-junction or right-
angle crossroads in the region perceived by the driver,
no vision guidance reference object is necessary be-
cause the vision guidance explained later is not con-
ducted. In the case of a branch road designated by the
route guidance that is relatively easy to recognize, such
as a T-junction or right-angle crossroads in a region un-
familiar to the driver, selection of (retrieval) a vision guid-
ance reference object is made in the priority order of,
among objects located ahead of the vehicle with respect
to its direction of travel, 1) traffic signal, 2) structure (con-
venience store, service station, clock tower, statue or
other conspicuous building or the like), 3) vehicle ahead
(bus, truck or other large conspicuous vehicle), 4) traffic
sign or billboard (conspicuous sign for traffic control or
other purpose), and 5) the aforesaid guidance beam.
The easiest vision guidance reference object for the
driver to perceive is a traffic signal, followed by a struc-
ture, vehicle ahead, traffic sign and other sign. When no
such vision guidance reference object is present, the vi-
sion guidance device 40 selects the guidance beam as
the vision guidance reference object.
[0137] In the case of a T-junction or right-angle cross-
roads under poor visibility conditions such as at night or
during bad weather, selection of a vision guidance ref-
erence object is made in the priority order of: 1) traffic
signal and 2) guidance beam.
[0138] In the case of a complicated intersection or the
like in a region familiar to the driver, e.g., at a five-way
intersection, where there are several intersections with-
in a short distance or where the road has a complex
shape, selection of a vision guidance reference object
is made in the priority order of: 1) structure and 2) traffic
sign or billboard and 3) guidance beam.
[0139] In the case of a complicated intersection in a
region unfamiliar to the driver, selection of a vision guid-
ance reference object is made in the priority order of: 1)
structure, 2) vehicle ahead, 3) traffic sign or billboard
and 4) guidance beam. Selection of traffic signal as the
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vision guidance reference object is not appropriate at a
complicated intersection or the like because the driver
would become confused about which branch road to
take. Therefore, in the selection of the vision guidance
reference object, top priority is given to a structure, the
most easily perceived object, followed by a vehicle
ahead, a traffic sign or billboard, and the guidance
beam.
[0140] In the case of a complicated intersection under
poor visibility conditions such as at night or during bad
weather, the guidance beam is selected as the vision
guidance reference object.
[0141] In the route guidance to the destination of the
second embodiment, the driver can, as in the first em-
bodiment, be given vision guidance by a method like that
illustrated in Figure 7. Specifically, as shown in Figure
7, when there are several intersections within a short
distance, the driver can be visually guided to the branch
road 52 (road requiring a right turn) at the intersection
50 by the vision guidance B2, B3, enlarged display of
vision guidance reference objects (service station 64
and fire station 66), voice guidance etc.
[0142] In the second embodiment, as in the first, re-
gions (1) to (36) are established based on the driving
conditions (vision guidance levels 0 - 5) and distance
from the vehicle location to the branch road designated
by the route guidance. As shown in Figure 10, and the
particulars of the route guidance (including vision guid-
ance) are differentiated by region.
[0143] The flow of operations (route guidance meth-
od) of the route guidance system of the second embod-
iment will now be explained with reference to Figure 15,
in which the symbol S represents "step."
[0144] First, in S1, it is checked whether the vision
guidance switch (not shown) is ON. When it is ON, next,
in S2, it is checked whether a vision guidance disable
flag F is set to P. The flag F being set to P means that
vision guidance is disabled. When vision guidance is not
disabled, the process goes to S3, in which it is checked
whether a destination has been set. When a destination
has been set, the process goes to S4, in which the dis-
tance from the vehicle location to the branch road des-
ignated by the route guidance is calculated and the driv-
ing conditions (vehicle speed etc.) are checked. Next,
in S5, it is judged whether the vehicle location is within
100 m of the branch road (intersection) designated by
the route guidance. If it is not within 100 m, i.e., if the
distance to the branch road is considerable, the process
goes to S6, in which normal route guidance (course di-
rections) is conducted. No vision guidance is given at
this time.
[0145] S5 and S6 can be replaced by steps in which,
as explained earlier, the vision guidance of regions 1 -
15 of Figure 10 is given when the distance from the ve-
hicle location to the branch road is equal to or greater
than 700 m, 300 m or 100 m.
[0146] Next, in S7, vision guidance is conducted in ac-
cordance with the distance from the vehicle location to

the branch road designated by the route guidance (see
Figure 10).
[0147] The subroutine for setting the vision guidance
disable flag F (see S2 in Figure 15) will be explained
with reference to Figure 16. This vision guidance disable
subroutine represents the conditions for disabling the vi-
sion guidance when it is preferably not conducted from
the viewpoint of driving safety.
[0148] First, in S11, it is checked whether the road
width is less than a predetermined value. When the road
width is less than the predetermined value, the driver
needs to concentrate on driving. Since giving vision
guidance in such a case would lower safety, the process
goes to S12, in which the vision guidance is shut OFF,
i.e., is disabled. In the route guidance system of this em-
bodiment, the driver can choose between two types of
route guidance, route guidance by course directions and
route guidance by vision guidance (+course directions).
Or the switching between the two types can be set to
automatic. In addition, different voice and display pat-
terns are set for each of route guidance and vision guid-
ance. In S12, therefore, voice and display patterns for
route guidance (normal mode voice and display) are set.
[0149] Next, in S13, the driver is warned that the vi-
sion guidance has been terminated. This warning can
be either displayed or announced by voice. Then, in
S14, the vision guidance disable flag F is set to P.
[0150] When the result in S11 is NO, the process goes
to S15, in which it is checked whether the distance to
the vehicle ahead is a predetermined short distance.
When the distance to the vehicle ahead is short, the
process goes to S16, in which it is checked whether the
traffic is congested. When the distance to the vehicle
ahead is short but the traffic is not congested, the vehicle
may be traveling at a relatively high speed. This is a sit-
uation in which the driver must concentrate on driving
and no vision guidance is necessary. The process there-
fore goes to S12 to disable the vision guidance.
[0151] When the result in S15 is NO or the result in S
16 is YES, the process goes to S17, in which it is
checked whether the turning angle exceeds a predeter-
mined amount. Specifically, the turning angle is found
to exceed a predetermined amount when the steering
angle exceeds a predetermined value at over a prede-
termined vehicle speed. This is a situation in which the
driver must concentrate on driving and no vision guid-
ance is necessary. The process therefore goes to S12
to disable the vision guidance.
[0152] When the result in S17 is NO, the process goes
to S18, in which it is checked whether the distance to
the intersection designated by the route guidance is
shorter than a predetermined value. At the time of draw-
ing near an intersection, route guidance (e.g., voice
guidance to the effect of "Turn right at next intersection")
is more effective than vision guidance. In addition, it is
better from the viewpoint of safety to avoid vision guid-
ance that causes the driver to shift his or her line of sight
frequently. When the result in S18 is YES, therefore, the
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process goes to S12 to disable the vision guidance.
[0153] When the result in S18 is NO, the process goes
to S19, in which it is checked whether the distance to
the guidance reference object is shorter than a prede-
termined value. When the distance is short, the process
goes to S12 to disable the vision guidance for reasons
similar to what was explained regarding S18.
[0154] When the result in S19 is NO, the process goes
to S20, in which it is checked whether the intersection
designated by the route guidance is a simple intersec-
tion (T-junction or right-angle crossroads). (A right-an-
gle crossroads that is fairly close to another intersection
is not considered a "simple intersection" because such
a right-angle crossroads is hard for the driver to recog-
nize.) In the case of a simple intersection, route guid-
ance (e.g., voice guidance to the effect of "Turn right at
next intersection") is more effective than vision guid-
ance. The process therefore goes to S12 to disable vi-
sion guidance.
[0155] When the road width is not less than a prede-
termined value, the distance to the car ahead is long or,
if short, the traffic is congested, the turning angle is not
excessive (the vehicle is running straight or making a
gentle curve), the distance to the intersection or guid-
ance reference object is longer than the predetermined
value, and the intersection is not a simple one, the proc-
ess goes to S21, in which vision guidance control (com-
bined with course direction control) is turned ON (con-
ducted). At this time, the voice and display patterns for
vision guidance (vision guidance mode voice and dis-
play) are set. Next, in S22, the F=P of the vision guid-
ance disable flag F is canceled.
[0156] In the second embodiment, as shown in Figure
16, vision guidance is disabled when predetermined
conditions are present. Safety is therefore enhanced be-
cause the driver can concentrate on driving without be-
ing caused to shift his or her vision (line of sight) owing
to vision guidance. The driver can nevertheless drive re-
liably without hesitation even at complicated intersec-
tions and the like because the driver receives route guid-
ance by course directions.
[0157] The vision guidance control particulars and the
timing of the vision guidance in the second embodiment
will now be explained with reference to Figures 17 and
18.
[0158] Figure 17 is a flowchart showing the control
particulars of the vision guidance (combined with course
direction). As shown in Figure 17, first, in S31, the dis-
tance to an intersection requiring route guidance is es-
timated. Next, In S32, the traffic volume is detected. The
traffic volume can be estimated using the CCD camera
36, as explained earlier, or by acquiring traffic volume
information from the information center 2. Next, in 533,
the vision guidance method is decided from a map
(hereinafter MAP), using the distance to the intersec-
tion, the traffic volume and the driving conditions as ad-
dress data. As MAP is used that shown in Figure 10 and
the vision guidance method is selected by selecting one

of regions (1) - (36).
[0159] Next, in S34, it is checked whether retrieval of
a vision guidance reference object (visual reference) is
necessary. When the result is YES, the process goes to
S35, in which vision guidance reference object (visual
reference) retrieval conditions are obtained from MAP
and the vision guidance reference object (visual refer-
ence) concerned is retrieved. Specifically, an appropri-
ate vision guidance reference object is selected from
MAP (corresponding to Figure 10) in accordance with
the various conditions and the defined priority order.
[0160] When retrieval of a vision guidance reference
object (visual reference) is unnecessary, such as in the
case of providing vision direction guidance, the process
goes to S36, in which a vision direction for the vision
guidance is defined.
[0161] Next, in S37, the time point of the vision guid-
ance is set. The method for setting the guidance time
point will be explained in detail later with respect to the
guidance timing subroutine of Figure 18.
[0162] Next, in S38, it is checked whether the guid-
ance time point has arrived. When the result is YES, the
process goes to S39, in which vision guidance is con-
ducted.
[0163] Next, in S40, it is checked whether at the time
the vision guidance was conducted the driver visually
recognized the vision guidance reference object or
whether the driver distinguished the vision direction.
When it is found that the driver has not recognized the
vision guidance reference object or the vision direction,
the process goes to S41, in which the particulars for ex-
ecuting another cycle of the vision guidance are decided
and another cycle is executed using the decided partic-
ulars. Specifically, the vision guidance reference object
is changed, the contents of the voice guidance during
vision guidance are changed and/or the vision direction
is changed, and the changed vision guidance is execut-
ed.
[0164] The guidance timing will now be explained with
reference to Figure 18. It is checked in S42 whether the
weather is bad, in S43 whether it is night, and in S44
whether the driver's reaction to the vision guidance has
declined. In S45 it is checked whether the region is un-
familiar to the driver, and in S46 whether the road width
is narrower than a predetermined value.
[0165] When the weather is not bad (is good), it is not
night (is day), the driver's reaction has not declined (is
good), the region is not unfamiliar (is a known region),
and the road is not narrow (is wide), i.e., under good
conditions, the process goes to S47, in which the timing
of the vision guidance is set to normal mode. Under such
good conditions it can be assumed that the driver will
react well, have good visibility and be familiar with the
region. Since the driver can therefore be expected to
easily notice the vision guidance reference object, nor-
mal guidance timing is sufficient.
[0166] On the other hand, when the weather is bad, it
is night, the driver's reaction has declined, the region is
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unfamiliar, or the road is narrow, i.e., under conditions
that make it hard for the driver to notice vision guidance
reference objects, the process goes to S48, in which the
guidance timing is advanced relative to that in normal
mode.
[0167] Thus in the second embodiment, the timing
(time point) of the vision guidance is advanced (made
earlier) than usual when the driver is in an unfamiliar
region, visibility is poor or the driver's reaction has de-
clined. Since the time available for the vision guidance
is therefore prolonged, the vision guidance can be ef-
fected with proportionally better accuracy.
[0168] Further, when the weather is bad, it is night,
the driver's reaction has declined, the region is unfamil-
iar, or the road is narrow, the second embodiment can
achieve similar effects by changing the vision guidance
reference object to one more easily noticed by the driver,
rather than by changing guidance timing.
[0169] Thus, in accordance with the second embodi-
ment, even when the weather is bad, visibility is poor
and/or the driver's reaction has declined, the driver can
still drive through a complicated intersection without
hesitation and, in addition, a decrease in safety can be
avoided because the vision guidance can be provided
with greater accuracy.
[0170] A flow of operations for ascertaining the driv-
er's recognition of a vision guidance reference object or
vision direction designated by the vision guidance will
now be explained with respect to Figures 19 and 20. Fig-
ure 19 shows the flow of operations in a system
equipped with a "now-checking" switch ("now-checking"
switch 82; see Figures 12 and 13), and Figure 20 shows
the flow of operations in a system not equipped with
such a switch.
[0171] The method of Figure 19 will be explained first.
In S51 at the start of the subroutine, it is checked wheth-
er vision guidance was given. When the result is YES,
the process goes to S52, in which it is checked whether
the "now-checking" switch is ON. As the "now-checking"
switch 82 is turned on and off by the driver, its being ON
can be interpreted as the driver's affirmation that he is
trying to locate (or has located) the vision guidance ref-
erence object or vision direction designated by the vi-
sion guidance. Therefore, when the result in S52 is YES,
the process goes to S53, in which the object or vision
direction recognized by the driver is confirmed using the
eye tracking camera 38 (see Figure 12). In other words,
it is confirmed that the driver has tried to find the visual
reference and reached a conclusion. Next, in S54, it is
checked whether the visual reference recognized by the
driver is the vision guidance reference object (is right).
When right, the process goes to S55, in which the voice
guidance announces, for example, That's right," to con-
firm the driver's visual activity.
[0172] When the result in S52 is NO, i.e., when the
driver has not turned the "now-checking" switch ON
even though vision guidance was given, the process
goes to S56, in which it is checked whether a predeter-

mined time has elapsed. When the result is YES, the
process goes to S57. The process also goes to S57
when the result in S54 is NO.
[0173] In S57, the particulars for executing another
cycle of the vision guidance are decided and another
cycle is executed using the decided particulars. Specif-
ically, as in the route guidance shown in Figure 10, vision
guidance is in given in accordance with the distance to
the intersection. When the distance to the intersection
is short, the vision guidance is disabled and route guid-
ance is given by only course directions.
[0174] Since the embodiment shown in Figure 19 is
equipped with a "now-checking" switch that the driver
turns ON when commencing visual activity in response
to vision guidance. The completion of the driver's visual
activity can therefore easily be confirmed. This makes
it possible to execute another cycle of the vision guid-
ance when the driver does not take any visual action in
response to the vision guidance. As the next cycle of
vision guidance is conducted at a point closer to the in-
tersection by a distance proportional to the time passed
since the preceding cycle, vision guidance in accord-
ance with the distance from the intersection at that time
can be given.
[0175] Next, flow of operations in the case where the
"now-checking" switch is not provided will be explained
with reference to Figure 20. First, in S61, it is checked
whether vision guidance was given. When the result is
YES, the process goes to S62, in which it is checked
whether the driver engaged in visual activity in response
to the vision guidance. The driver is judged to have en-
gaged in visual activity when the eye tracking camera
38 detects a change in the driver's vision direction.
When the result in S62 is YES, the process goes to S63.
[0176] In S63, a recognition confirmation time T1 for
confirming that the driver recognized the vision guid-
ance reference object (or vision direction), i.e., for con-
firming recognition completion, is set. The recognition
confirmation time T1 is set shorter in proportion as the
vehicle is closer to the intersection, the distance to the
vehicle ahead is shorter, the number of pedestrians is
greater and the weather is worse. The recognition con-
firmation time T1 is made shorter in this manner taking
into account that the time available for the driver to rec-
ognize the vision guidance reference object (or vision
direction) is shorter in proportion as these prevail.
[0177] Next, in S64, the watched object is deduced.
Specifically, an object that the driver watched for time
T1 or longer is extracted. Next, in S65, it is checked
whether the object watched by the driver is the vision
guidance reference object (is right). When right, the
process goes to S66, in which the driver's visual activity
is affirmed by a voice guidance announcement such as,
"That's right."
[0178] When the result in S65 is NO, i.e., when the
object watched (direction viewed) by the driver is not the
vision guidance reference object (vision direction), the
process goes to S67.

27 28



EP 1 378 724 A1

16

5

10

15

20

25

30

35

40

45

50

55

[0179] In S67, the particulars for executing another
cycle of the vision guidance are decided and another
cycle is executed using the decided particulars. Specif-
ically, as in the route guidance shown in Figure 10, vision
guidance is in given in accordance with the distance to
the intersection. An utterance or action the driver is sup-
posed to make when performing a visual activity at this
time can be defined. By this it becomes possible to make
the same judgment as when a "now-checking" switch is
provided. When the distance to the intersection is short,
the vision guidance is disabled and route guidance is
given by only course directions.
[0180] When the result in S62 is NO, i.e., when the
driver has not engaged in any visual activity even though
vision guidance was given, the process goes to S68, in
which a wait time T2 is set. The wait time T2 is the time
to the start of the next vision guidance cycle. It is set
longer in proportion as the vehicle is closer to the inter-
section, the distance to the vehicle ahead is shorter, the
number of pedestrians is greater and the weather is
worse. The wait time to the next cycle of the vision guid-
ance is set long when the vehicle is near an intersection
or another of these conditions prevails because in such
situations there is little need for vision guidance and, if
given, might be annoying and distract the driver from his
or her principal business of driving the vehicle.
[0181] Next, in S69, it is checked whether time T2 has
elapsed. If it has, the process goes to S70, in which pro-
cedures like those in S67 are conducted. That is, the
particulars for executing another cycle of the vision guid-
ance are decided and another cycle is executed using
the decided particulars.
[0182] Although the embodiment shown in Figure 20
is not equipped with a "now-checking" switch, the com-
pletion of the driver's visual activity can nevertheless be
easily be confirmed because the recognition confirma-
tion time T1 is set and it is concluded that the driver's
visual activity has been completed when the driver
watches an object or maintains a vision direction for time
T1 or longer. This makes it possible to execute another
cycle of the vision guidance when the driver does not
take any visual action in response to the vision guid-
ance. Moreover, when the driver takes no visual action
in response to the vision guidance, the wait time T2 is
set and another cycle of the vision guidance is conduct-
ed upon passage of the wait time T2. A next cycle of the
vision guidance can therefore be effectively conducted.
[0183] The initialization of the route guidance system
will now be explained with reference to Figure 21. When
vision guidance is to be conducted using the route guid-
ance system, the route guidance system has to be input
with required initial values reflecting the driver's prefer-
ences and personality traits. Figure 21 shows a screen
for setting the initial values.
[0184] It is necessary first to input factors affecting the
driver's visual power, such as visual acuity and dynamic
visual acuity. When known beforehand, the level of the
driver's visual power (visual acuity, dynamic visual acu-

ity etc.) is input. If not known, the driver's visual power
(visual acuity, dynamic visual acuity etc.) is ascertained
by using the route guidance system itself to examined
the driver's visual acuity, dynamic visual acuity and other
visual powers. The ascertained visual powers may in-
clude color discrimination and day and night vision, in
addition to visual acuity and dynamic visual acuity.
These visual powers can be both input using known data
and be ascertained by examination. The driver's visual
power level is thus ascertained. As a result, if the driver's
visual acuity should be somewhat poor, for example, the
vision guidance timing can be advanced. If the driver is
unable to distinguish a particular color, objects of that
color can be eliminated as candidates when retrieving
a vision guidance reference object. On the other hand,
if the driver's night vision is poor, easily discernable vi-
sion guidance reference objects can be retrieved.
[0185] Next, the driver's eye position is recorded. The
eye position can be set using, for example, the position
of the driver's seat, position of the rearview mirror and
the output of the eye tracking camera.
[0186] The driver is then allowed to enter settings
based on his or her preferences. (When two or more
drivers use the same vehicle, each can enter his or her
own settings.) The first option is whether or not to con-
duct vision guidance. In other words, selection can be
made between a vision guidance (+course directions)
mode and a course directions mode.
[0187] Next, the priority order of the vision guidance
reference objects is set. The standard setting is that in-
dicated in Figure 14. But the driver is allowed to change
the priority order of the vision guidance reference ob-
jects. If the driver objects to any particular vision guid-
ance reference object, it can be designated for exclu-
sion.
[0188] Three vision guidance timing options are of-
fered: "Early," "Standard" and "Late."
[0189] The number of times the vision guidance is re-
peated after the first time can be selected. Or the driver
can choose not to have the guidance repeated. Whether
or not the particulars of the guidance should be changed
with each repetition can also be selected.
[0190] The rigorousness of the driver's confirmation
of having taken visual action can be can be set. While
the driver's visual action is detected by the eye tracking
camera, it can be confirmed with greater reliability by
also defining an action the driver is to perform to confirm
the visual action. The accompanying action options of-
fered are: "Point and Call Out," "Nod and Call Out," "Call
Out" and "Visual Confirmation Only" (i.e., only basic vis-
ual action confirmation with no accompanying action).
[0191] Further, the accuracy of the visual action con-
firmation can be selected from among: "Stress accura-
cy," "Rather more stress on accuracy" and "Rather more
stress on speed" (quick confirmation of completion of
driver's visual action). When "Rather more stress on ac-
curacy" is selected, the driver can then choose to ex-
clude familiar regions. When "Rather more stress on
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speed" is selected, the driver can choose to exclude un-
familiar urban regions.
[0192] Since the embodiment illustrated in Figure 21
allows the driver to match the nature and precision of
the vision guidance to his or her particular tastes and
personal traits, it can provide effective vision guidance,
enhance the accuracy and feel of the vision guidance,
and, by extension, upgrade safety.
[0193] As explained in the foregoing, the route guid-
ance system, route guidance method and route guid-
ance program of the second embodiment of the present
invention enable a driver to drive confidently and without
hesitation even at a complicated intersection or the like
in an unfamiliar region. In addition, the accuracy of the
vision guidance is enhanced to enable effective vision
guidance and improve safety.
[0194] Although the present invention has been ex-
plained with reference to specific, preferred embodi-
ments, one of ordinary skill in the art will recognize that
modifications and improvements can be made while re-
maining within the scope and spirit of the present inven-
tion. The scope of the present invention is determined
solely by appended claims.

Claims

1. A route guidance system for guiding a vehicle along
a route to a destination, the system comprising:

destination setting means for setting a destina-
tion;
visual activity discriminating means for discrim-
inating whether a driver's visual activity is right
in light of route guidance to the set destination;
and
affirmation/vision guidance means for affirming
the driver's visual. activity when the driver's vis-
ual activity is right and giving route guidance by
visually guiding the driver when the driver's vis-
ual activity is wrong.

2. A route guidance system according to claim 1,
wherein the affirmation/vision guidance means af-
firms the driver's visual activity when the driver vis-
ually recognizes the branch road designated by the
route guidance and, when the driver does not rec-
ognize the branch road designated by the route
guidance, guides the driver's vision to the branch
road using the object visually recognized by the
driver at that time as a reference.

3. A route guidance system according to claim 1,
wherein, when the distance from the vehicle loca-
tion to the branch road designated by the route guid-
ance is equal to or greater than a predetermined
value representing a long distance, the affirmation/
vision guidance means affirms the driver's visual

activity if the direction of the driver's vision substan-
tially coincides with the direction of the branch road,
and when the direction of the driver's vision does
not coincide with the direction of the branch road,
guides the driver's vision to the direction of the
branch road.

4. A route guidance system according to claim 1,
wherein, when the distance from the vehicle loca-
tion to the branch road designated by the route guid-
ance is equal to or greater than a predetermined
value representing a long distance, the affirmation/
vision guidance means affirms the driver's visual
activity if the direction of the driver's vision substan-
tially coincides with the direction of the branch road,
and when the direction of the driver's vision does
not coincide with the direction of the branch road,
informs the driver of the distance to the branch road
and guides the driver's vision to the direction of the
branch road.

5. A route guidance system according to any of claims
1 to 4, wherein the affirmation/vision guidance
means conducts affirmation and vision guidance by
voice guidance.

6. A route guidance system according to claim 1,
wherein the affirmation/vision guidance means
changes the particulars of the vision guidance for,
the driver during driving in accordance with a vision
guidance level for the driving conditions.

7. A route guidance system according to claim 6,
wherein the affirmation/vision guidance means
changes the vision guidance reference object serv-
ing as the reference for the vision guidance of the
driver in accordance with the vision guidance level.

8. A route guidance system according to claim 1,
wherein the affirmation/vision guidance means first
gives vision guidance regarding the direction of the
branch road designated by the route guidance, and
then visually guides the driver to the branch road
and affirms the driver's visual activity if the driver
visually recognizes the branch road.

9. A route guidance system according to claim 1,
wherein the affirmation/vision guidance means dis-
criminates whether the driver can visually recognize
the branch road designated by the route guidance
from the driver's current location and if the driver
cannot, guides the driver's vision to the direction of
the branch road.

10. A route guidance system according to claim 1,
wherein the affirmation/vision guidance means dis-
criminates whether the driver can visually recognize
the branch road designated by the route guidance
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from the driver's current location and if the driver
cannot, informs the driver of the distance to the
branch road and guides the driver's vision to the di-
rection of the branch road.

11. A route guidance system according to claim 1,
wherein the affirmation/vision guidance means dis-
criminates whether the driver can visually recognize
the branch road designated by the route guidance
from the driver's current location and if the driver
cannot, guides the driver's line of sight to the direc-
tion of the branch road to notify the driver of the
branch road in advance and guides the driver's vi-
sion to the branch road at a location where the
branch road can be visually recognized.

12. A route guidance system according to any of claims
1 to 11, wherein the affirmation/vision guidance
means advances the time point of the vision guid-
ance when forward visibility is relatively poor such
as during night and rainy condition driving.

13. A route guidance system according to any of claims
1 to 12, wherein the system further comprises vision
guidance disable means for disabling vision guid-
ance by the affirmation/vision guidance means
when the driver's vision is directed outside a prede-
termined range.

14. A route guidance system according to claim 1,
wherein the affirmation/vision guidance means vis-
ually guides the driver using a vision guidance ref-
erence object located forward of the vehicle as a
reference when the driver's visual activity is wrong.

15. A route guidance system according to claim 14,
wherein the vision guidance reference object is a
structure, and the affirmation/vision guidance
means causes the driver to visually recognize the
structure located forward of the vehicle, visually
guides the driver to the branch road designated by
the route guidance using the structure as a refer-
ence and further affirms the driver's visual activity
when the driver visually recognizes the branch
road.

16. A route guidance system according to claim 14,
wherein the vision guidance reference object is at
least one traffic signal, and the affirmation/vision
guidance means guides the driver's vision to the
branch road designated by the route guidance us-
ing the number of traffic signals from the vehicle lo-
cation to the branch road and affirms the driver's
visual activity when the driver visually recognizes
the branch road.

17. A route guidance system according to claim 14,
wherein the vision guidance reference object is an-

other vehicle driving ahead of the driver's vehicle,
the system further comprises an image recognition
device for recognizing objects located ahead of the
vehicle, and the affirmation/vision guidance means
causes the driver to visually recognize the other ve-
hicle driving ahead that was recognized by the im-
age recognition device, guides the driver's line of
vision to the branch road designated by the route
guidance using the other vehicle as a reference,
and further affirms the driver's visual activity when
the driver visually recognizes the branch road.

18. A route guidance system according to claim 14,
wherein the vision guidance reference object is a
traffic sign installed on the road the vehicle is driving
on, and the affirmation/vision guidance means
causes the driver to visually recognize the traffic
sign, guides the driver's vision to the branch road
designated by the route guidance using the traffic
sign as a reference and affirms the driver's visual
activity when the driver visually recognizes the
branch road.

19. A route guidance system according to claim 14,
wherein the vision guidance reference object is a
vision guidance cue projected on the vehicle wind-
shield, and the affirmation/vision guidance means
causes the driver to visually recognize the vision
guidance cue, guides the driver's vision to the
branch road designated by the route guidance us-
ing the vision guidance cue and affirms the driver's
visual activity when the driver visually recognizes
the vision guidance cue.

20. A route guidance system according to claim 14,
wherein the affirmation/vision guidance means re-
trieves an object located in an area near the branch
road designated by the route guidance as the vision
guidance reference object.

21. A route guidance system according to claim 14,
wherein the affirmation/vision guidance means re-
trieves a vision guidance reference object located
in an area of a predetermined range θ centered on
the road the vehicle is driving on.

22. A route guidance system according to claim 21,
wherein the affirmation/vision guidance means sets
the value of the predetermined range θ smaller in
proportion as the distance to the branch road des-
ignated by the route guidance is longer, the vehicle
driving conditions are worse, and the vehicle is larg-
er or its turning radius is smaller.

23. A route guidance system according to claim 14,
wherein the affirmation/vision guidance means
guides the driver's vision to the direction of the
branch road designated by the route guidance
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when a vision guidance reference object cannot be
specified.

24. A route guidance system according to claim 14,
wherein the affirmation/vision guidance means pro-
vides vision guidance by exaggeratedly displaying
the vision guidance reference object on a display.

25. A route guidance system according to claim 14,
wherein the affirmation/vision guidance means se-
lects a vision guidance reference object that is easy
to visually recognize when forward visibility is rela-
tively poor such as during night and rainy condition
driving.

26. A route guidance system according to claim 1,
wherein the system further comprises correction
means for under predetermined conditions correct-
ing the particulars of the control for executing the
vision guidance by the affirmation/vision guidance
means, so as to enhance the accuracy of the vision
guidance.

27. A route guidance system according to claim 26,
wherein the correction means advances the time
point of the control for executing vision guidance by
the affirmation/vision guidance means in proportion
as the reaction time period between vision guidance
by the affirmation/vision guidance means and the
driver's visual recognition response is longer.

28. A route guidance system according to claim 26,
wherein the correction means advances the time
point of for executing vision guidance of the control
for executing the vision guidance by the affirmation/
vision guidance means more in a region unfamiliar
to the driver than in a region familiar to the driver.

29. A route guidance method for guiding a vehicle along
a route to a destination, the method comprising:

a destination setting step for setting a destina-
tion;
a visual activity discriminating step for discrim-
inating whether a driver's visual activity is right
in light of route guidance to the set destination;
and
an affirming/vision guiding step for affirming the
driver's visual activity when the driver's visual
activity is right and giving route guidance by vis-
ually guiding the driver when the driver's visual
activity is wrong.

30. A route guidance method according to claim 29,
wherein the affirmation/vision guidance step affirms
the driver's visual activity when the driver visually
recognizes the branch road designated by the route
guidance and, when the driver does not recognize

the branch road designated by the route guidance,
guides the driver's vision to the branch road using
the object visually recognized by the driver at that
time as a reference.

31. A route guidance method according to claim 29,
wherein the affirmation/vision guidance step visual-
ly guides the driver using a vision guidance refer-
ence object located forward of the vehicle as a ref-
erence when the driver's visual activity is wrong.

32. A route guidance method according to claim 29,
wherein the method further comprises a correction
step for under predetermined conditions correcting
the particulars of the control for executing the vision
guidance by the affirmation/vision guidance step,
so as to enhance the accuracy of the vision guid-
ance.

33. A route guidance program for guiding a vehicle
along a route to a destination, the program control-
ling a computer to set a destination, discriminate
whether a driver's visual activity is right in light of
route guidance to the set destination, and affirm the
driver's visual activity when the driver's visual activ-
ity is right and give route guidance by visually guid-
ing the driver when the driver's visual activity is
wrong.

34. A route guidance program according to claim 33,
wherein the program controls the computer to affirm
the driver's visual activity when the driver visually
recognizes the branch road designated by the route
guidance and, when the driver does not recognize
the branch road designated by the route guidance,
controls the computer to guide the driver's vision to
the branch road using the object visually recognized
by the driver at that time as a reference.

35. A route guidance program according to claim 33,
wherein the program controls the computer to vis-
ually guide the driver using a vision guidance refer-
ence object located forward of the vehicle as a ref-
erence when the driver's visual activity is wrong.

36. A route guidance program according to claim 33,
wherein the program controls the computer under
predetermined conditions to correct the particulars
of the control for executing the vision guidance so
as to enhance the accuracy of the vision guidance.
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